Experimental studies in rodents have demonstrated that treatment with human chorionic gonadotropin (hCG) is inversely associated with mammary tumor formation [1][2][3][4]. Initial work conducted by our group using the resources of the Northern Sweden Maternity Cohort (NSMC), relating early pregnancy hCG to subsequent risk of maternal breast cancer, provide direct human evidence in support of these observations [5,6]. HCG is composed of two distinct noncovalently associated α-and β-subunits and has six major isoforms [7] with different biological properties [8, 9] . The most widely used assays for hCG determination that are practical for use in epidemiological studies are total, intact and free β-hCG (free β-hCG). The total hCG assays quantify both intact hCG and free β-hCG, which may have distinct associations with risk of breast cancer. For instance, while total hCG decreases cell proliferation and increases DNA repair in mammary cells [1,3, 10] , free β-hCG may posses both cellular inhibitory [11] and stimulatory activities in other cells [12, 13] .
The aim of our present study was to determine whether assaying and relating free β-hCG separately to breast cancer risk would provide additional information to using total hCG alone. Using a subset of cases and controls included in our extended study on total hCG during a primiparous pregnancy [6] , we examined the associations between free β-hCG and maternal risk of breast cancer and also explored the effect of adjustments of total hCG breast cancer models for free β-hCG.
Materials & methods
The cohort and the selection criteria for this study have been described in detail previously [6] . Briefly, the NSMC includes virtually all the pregnant women residing in one of the four northernmost counties in Sweden, who donated blood samples during the final weeks of the first trimester or early weeks of the second trimester, while attending any of the Maternity Care Units in the counties. The blood samples are stored at -20°C in a central repository at the University Hospital in Umeå (Sweden).
Eligible patients were women who were less than 40 years old at the time of blood donation and who provided a blood sample within the first 120 days of pregnancy during a singleton full-term pregnancy (≥259 days) leading to the birth of a first child (live or stillborn). Women who had used hormonal medications to become pregnant or during pregnancy, or had previously been diagnosed with any cancer (except nonmelanoma skin cancer) were excluded. Cases were women diagnosed for the first time with invasive epithelial breast cancer at least 1 year after their entry into the cohort and before 8 June 2007. Identification of eligible cases and controls involved linkages with nationwide databases (Swedish Birth Register and Swedish Cancer Registry) by using the unique ten-digit personal identification number assigned to every resident in Sweden. These databases are of high quality and over 97% complete. Information on smoking was obtained from the Swedish Birth Registry while that of BMI was obtained at the time of enrollment into the NSMC. Information regarding smoking and BMI were gathered at the same time as the blood sample was drawn, which was during the first trimester when women attended Maternity Care Units. Smoking status was obtained at the time of blood draw (during index pregnancy). Smoking during the index pregnancy was recorded for all women included in the study, when both future cases and controls were free of cancer.
Subjects in this study (159 cases and 286 controls) were a subset of our previous study on hCG during primiparous pregnancy and breast cancer risk (242 cases and 450 controls) [6] who had sufficient blood samples available for free β-hCG assay. These women were comparable with those who did not have sufficient blood samples for the assay in most maternal (age at blood draw, parity, smoking and BMI) and child (gender distribution, weight and height) characteristics. However, centered mean total hCG concentrations were slightly lower among cases included in the study compared with those not included in the study (centered mean: 94,989 vs 95,184 mU/ml). Median age at breast cancer diagnosis (44.8 years; range: 25.5-60.8 years) was lower among cases included in this study than those not included (48.0 years; range: 31.7-62.7 years), while gestational day at blood draw was greater among controls included in the study (71.0 days; range: 42.0-118.0 days) compared with those controls not included (67.0 days; range: 37.0-120.0 days).
The study was approved by the Regional Ethics Committee of Umeå, Sweden.
Laboratory analyses
Total hCG and free β-hCG were quantified in the Laboratory of Clinical Chemistry, University Hospital in Umeå, Sweden using solid-phase competitive chemiluminescence assays on an Immulite 2000 Siemens analyzer (Siemens Healthcare Diagnostics Products, NY, USA). Serum specimens of individually matched case and control subjects were always included in the same laboratory run, with laboratory personnel blinded to the case-control status of the specimens. In addition to routine laboratory quality controls, a pool of serum from the cohort was created at the beginning of the study, and two aliquots, indistinguishable from the test samples, were inserted in each laboratory run. The intraand inter-batch coefficients of variation were 7.4 and 7.2% and 1.1 and 1.7% at 427 mU/ml total hCG concentration and 869 ng/ml free β-hCG concentration, respectively.
Statistical analysis
Total hCG and free β-hCG varied during pregnancy (Figure 1) . We accounted for this variability in all statistical analyses using the method described by Richardson and colleagues [6, 14] , which we also used in our original publications [6] . Prior to analyses, original total hCG and free β-hCG values were naturally log 2 -transformed to limit heteroscedasticity. The mean curve of total hCG and free β-hCG variation was estimated based on all data points using local linear regression [15] , a nonparametric smoothing technique that employs weighted regression and uses specific subsets of the data to estimate the curve at each point. Hormonal concentrations for each woman were computed as the difference (residual) between the assay value and the estimated mean determined for the day of gestation when the sample was drawn. Henceforth, total hCG and free β-hCG concentrations refer to their residuals.
Spearman correlation coefficients were used to analyze the associations between total hCG and free β-hCG. Variations in hormone concentrations by median age at blood draw, child's gender, smoking status and parity at diagnosis among control women were investigated by SAS Proc Mixed. Conditional logistic regression analysis was used to calculate the odds ratios (OR) and corresponding 95% CIs of breast cancer according to tertiles of hormone concentrations (based on the distribution among control women) and on a continuous scale. We adjusted for potential confounders (smoking and child gender), but these made no differences on the risk estimates, thus are not presented. The regression models for total hCG were adjusted for free β-hCG and vice versa. We also examined the risks of breast cancer using the ratio of total hCG to free β-hCG. Trend tests were conducted using hormone variables as ordered categories and likelihood ratio tests were used to assess statistical significance. Stratified analyses were conducted based on median age at blood draw, median age at breast cancer diagnosis, median lag-time to cancer diagnosis, smoking (yes vs no), child's gender (male vs female) and hormone receptor status (estrogen receptor [ER] and progesterone receptor [PR] ). Tests of heterogeneity between the ORs in different strata were based on χ 2 statistics calculated as the deviations of logistic regression coefficients observed in each stratum relative to the overall regression coefficient. Our power calculations indicated that we had an 80% power to detect an OR of 0.75 on a continuous scale of any of the hormone variables.
Statistical significance was defined as p-values <0.05 and all statistical tests were two-sided. Analyses were conducted using SAS (V9.2, SAS Institute, Inc., NC, USA).
Results
Cases and controls were highly comparable in all the study characteristics (Table 1) . Median age at breast cancer diagnosis was 44.8 years (range: 25.5-60.8 years) and the median lag time to cancer diagnosis was 17.8 years (range: 2.7-28.6 years). Data on ER and PR status were available for 140 (88% of total) and 144 (91% of total) cases, respectively. Of these, 110 (79%) and 30 (21%) were ER + and ER − , respectively, while 103 (72%) and 41 (28%) were PR + and PR − , respectively. Mean levels corresponding to total hCG (97,355 vs 94,989 mU/ml; p = 0.52) and free β-hCG (803 vs 726 ng/ml; p = 0.28) concentrations centered at the median gestational day were slightly higher among controls than cases, but the differences were not statistically significant. There was moderate correlation between total hCG and free β-hCG (r = 0.42; p < 0.001). As expected, total hCG and free β-hCG concentrations changed with increasing gestational age and their concentrations were within the range expected for that period of pregnancy (Figure 1) .
As expected, total hCG concentrations were higher among women carrying a female child than among women carrying a male child (104,253 vs 91,524 mU/ml; p-value = 0.004) as was free β-hCG (915 vs 708 ng/ml; p-value = 0.061) (Table 2) . Total hCG concentrations were also higher among nonsmokers than in smokers (103,477 vs 82,515 mU/ml; p < 0.0001), but no significant differences in free β-hCG concentrations were observed by smoking status (smokers: 785 ng/ml and nonsmokers: 807 ng/ml; p = 0.86). Concentrations of both hormones were similar by categories of maternal age.
In the analyses including all subjects, the risk estimates for breast cancer for concentrations of total hCG and free β-hCG were very similar (Table 3 ). Adjusting total hCG models for free β-hCG attenuated only slightly risk estimates (<10%) in analyses across tertiles or on a continuous scale of the hormone. The ORs for breast cancer among women in the highest tertiles of total hCG concentrations were 0.79 (95% CI: 0.49-1.27; p-trend = 0.31) and 0.85 (95% CI 0.49-1.47; p-trend = 0.56) after adjustment for free β-hCG. Adjustment of the free β-hCG analyses for total hCG concentrations had minimal effect on the risk estimates. For free β-hCG, the corresponding ORs were 0.85 (95% CI: 0.33-2.18; p-trend = 0.34) and 0.89 (95% CI: 0.34-2.33; p-trend = 0.43) across tertiles and 0.92 on continuous scales, respectively. Largely similar results were obtained using the total hCG/free β-hCG ratio. The associations were similar in virtually all the subgroup analyses and were not materially different in analyses stratified by receptor status (data not shown). For total hCG, the ORs appeared to diverge when stratified by median age at breast cancer diagnosis (44.8 years); the OR was 1.05 (95% CI: 0.68-1.62) among younger women and 0.72 (95% CI: 0.43-1.19) among older women, but the test for heterogeneity was not statistically significant (p het = 0.27). No such divergence was, however observed for free β-hCG; OR was 0.91 (95% CI: 0.73-1.13) among younger women compared with 0.93 (95% CI: 0.71-1.21) among older women (data not shown).
Discussion
Elevated total hCG and free β-hCG concentrations during early pregnancy were associated with nonstatistically significant reductions in RESEARCh ARTiClE Toriola, Tolockiene, Schock et al.
future science group maternal risk of breast cancer, with the risk estimates being identical for the two isoforms. Adjusting the total hCG analyses for free β-hCG did not result in strengthening the association with breast cancer, while risk estimates of the free β-hCG models were not altered by adjustment for total hCG. Our study suggests that in exploring the associations between hCG during pregnancy and breast cancer risk, the use of free β-hCG may not provide additional information to that obtained using total hCG alone. Based on reports from the literature and the results from our study, we believe that epidemiological studies relating hCG to risks could utilize total hCG alone. HCG, together with its free subunits (α-and β-subunits) is produced by placental trophoblastic cells, as well as other nontrophoblastic cells such as pituitary and neoplastic cells [8, 16] . The six major isoforms of hCG are intact hCG (hCG), nicked hCG (hCGn), free β-subunit (free β-hCG), nicked hCG β-subunit (hCGβn), hCG β-core fragment (hCGβcf ) and hCG α-subunit (hCGα) [7] . HCG is also glycosylated in various tissues resulting in hypoglycosylated and hyperglycosylated hCG [17, 18] .
The free α-and β-subunits have no gonadotrophic activities because they cannot stimulate the luteinizing hormone/hCG receptor by themselves [19] . Thus, only the intact α-β complex is hormonally active [12] . Nevertheless, experimental studies have shown that free β-hCG may have both cell growth stimulating [12, 13] and inhibitory activities [11] , acting via pathways unrelated to its gonadotrophic activities [12] . Differences in the biological activity between hCG and free β-hCG has been demonstrated in mammary and other cell types [1, 3, [11] [12] [13] . In an in vitro study investigating the effects of hCG and its subunits on bladder cancer cell growth, hCG and hCGα had no effect on cell growth, whereas free β-hCG stimulated cell growth [13] , which suggests an independent mechanism of action unrelated to its hormone functions. One such mechanism of action is an antiapoptotic effect, which may occur via possible interactions with the TGFβ receptor complex [12] . This is because free β-hCG and TGFβ are structurally similar [12, 20] , both having an exposed cystine knot making free β-hCG a TGFβ antagonist, while hCG has no exposed cystine knot [21] .
The associations between maternal and child characteristics and hormone concentrations are similar to results reported in previous studies. Smokers had lower hCG and free β-hCG concentrations than nonsmokers [22] [23] [24] [25] , although the difference was not statistically significant for free β-hCG. Studies have consistently shown that the impact of smoking is stronger on hCG than free β-hCG [22] [23] [24] [25] . While smoking may be associated with up to a 20% reduction in hGG levels, its impact on free β-hCG levels might be no greater than a 6% reduction [24] . The mechanisms through which smoking impacts hCG levels are not fully understood. It has been suggested that smoking might reduce hCG concentrations by causing morphological changes in the villus barrier and placental trophoblasts, thereby affecting their synthetic capabilities [23, [26] [27] . Similarly, previous studies have shown that women carrying a female child have higher hCG and free β-hCG concentrations [23, 28] . HCG levels decline with parity with an average of 3.1% decrease per previous birth [ 29] . Nevertheless, the effect of previous pregnancy on hCG levels appears to manifest only in pregnancies that have reached the third trimester [29] . The effect of pregnancy hormones on maternal breast cancer risk is complex. In addition to hCG, other pregnancy hormones are believed to plan an important role in the protection conferred by pregnancy on maternal breast cancer risk. Studies have shown that α-fetoprotein (AFP) may also have a protective effect on maternal breast cancer risk [30] . AFP binds to estradiol and prevents estrogendependent growth of breast cancer cells [31] . Elevated AFP levels during later part of pregnancy [14, 32] , but not during the first trimester have been associated with reduced risk of breast cancer [32] .
RESEARCh ARTiClE
A limitation of this study is its smaller sample size compared with the parent study [6] , because we could only analyze free β-hCG among women who had sufficient serum samples available. Although the association between total hCG and breast cancer risk was not statistically significant, it was in the same direction as in the parent study. From our power calculations, we had an 80% power to detect an OR of 0.75 on continuous scale of any of the hormone variables. Nevertheless, larger studies with adequate power for subgroup analyses, particularly with regards to receptor status, are needed.
In conclusion, despite the small size of our study, our data suggests that in the absence of a reliable assay on intact hCG, which represents the best way to measure hCG concentrations, total hCG alone could be used in epidemiological research relating hCG during pregnancy to cancer risk.
Future perspective
HCG has six important isoforms of which total, intact and free-β isoforms are the most widely used in epidemiological studies. As efforts to standardize hCG assays continue, and in the absence of a reliable assay on intact hCG, future epidemiological studies evaluating the associations of hCG with maternal risk of breast cancer can relate total hCG alone to risk. No writing assistance was utilized in the production of this manuscript.
Ethical conduct of research
The study was approved by the Regional Ethics Committee of Umeå, Sweden. No animals were used in this study.
EXECUTiVE SUMMARY
• Both free β-human chorionic gonadotropin (hCG) and total hCG may be associated with an inverse risk of breast cancer.
• The associations between free β-hCG and total hCG in relation to maternal breast cancer risk are similar.
• In the absence of a reliable assay on intact hCG, total hCG alone can be used in epidemiological studies relating hCG to cancer risk, since free β-hCG does not appear to provide added information.
